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The process of electric arc synthesis of fullerenes and nanoparticles is accompanied by 

the formation of macroparticles in plasma. Their sizes vary from a few nanometers to tens of 
micrometers [1, 2]. The presence of macroparticles in plasma results in many new effects 
determining properties of both synthesized carbon structures and deposited coatings. The 
positively charged macroparticles, emitting the electrons, can increase plasma electron density. 
On the other hand, if the particles absorb electrons, they are charged negatively and reduce a 
number of free electrons in plasma. Here we present the results of a numerical estimation of 
charge of macroparticles formed in the carbon arc plasma. The results of our previous 
experimental investigations of plasma parameters obtained for optimal conditions of fullerenes 
synthesis are used for the estimation [3]. 

The concentration of macroparticles close to anode surface may be estimated through an 
anode erosion rate Ra under the assumption that the carbon crystallites are monodisperse and 
their mass fraction in the total electrode erosion amounts about 50 % (η = 0.5) [4]: 
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where Sa is the anode surface area; Zp, ρp and rp are the charge, density and radius of 
macroparticles respectively; ΔU ≈ 10 V is the anode voltage drop limiting the maximal velocity 
of particles. 

Let us consider two possible sizes of macroparticles: 50 nm (typical size of particles of 
fullerene-containing soot) and 3 nm (a minimum structural unity of cathode deposit surface). It 
is obvious that under condition of high plasma temperatures in the carbon arc (T > 4000 K) the 
particles will be charged positively due to thermionic emission. However the acquired charge 
cannot be arbitrary large, because as distinct from a bulk material the work function rises when 
extracting each subsequent electron from a macroparticle [5]. Limiting the work function to 
ionization potential of carbon it is possible to show, that extreme value of electric charge for 
carbon particles 50 and 3 nm in diameter is 100e and 6е, respectively. 

Thus, the possible concentrations of 50 and 3 nm macroparticles near the surface of 
graphite anode depending on the rate of its erosion amount to (1.13÷6.8)⋅1016 and 
(2.4÷14.4)⋅1018 m-3, respectively. In view of low mobility, the electrically charged 
macroparticles practically do not participate in a current transfer, however their presence gives 
in strong rising of an electron concentration in plasma ΔNe = ZpNp. In the case of particles by 
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diameter of 3 nm the value of ΔNe is ten times higher than Ne for carbon plasma without 
particles (at p = 50 torr and T = 4500 K  Ne = 4.4⋅1018 m-3, and ΔNe = (1.44÷8.64)⋅1019 m-3). 

Now we can consider the state of system "plasma – macroparticles" at p = 50 torr and T = 
Tp = 4000 К for the obtained limiting value of Np, when mean distance between the crystallites 
is 〈r〉 = (4πNp /3)-1/3 = 0.26 μm. Under existing conditions the Debye length RD, caused only by 
ions and electrons of plasma, is equal to 5 μm, i.e. the Debye sphere contains considerable 
number of macroparticles, and the system corresponds to Debye plasma with a condensed 
disperse phase. However if to take into account participation of particles in the screening and 
rise of electron concentration due to thermoemission, RD = 0.17 μm, and macroparticles can not 
be considered any more as additional plasma component. 

As the charge of particles is screened we use the effective coupling parameter Г to 
describe the carbon crystallites interaction in plasma [6]  

 
( )Dexp Rr−⋅γ=Γ , 

 
where γ is the Coulomb interaction parameter. Under conditions in question Γ = 506 >> 1, i.e. a 
three-dimensional ordered structure of carbon macroparticles should be formed in plasma. 

Apparently, far from the anode surface due to the processes of coalescence the 
concentration of macroparticles will be much lower, and their sizes will be much larger. As it 
has been shown in [2-4], the cathode deposit is formed with quasispherical particles 100 μm in 
size, consisting of 10 μm particles. Such particles will be considered to present in carbon 
plasma. The electric charge of lonely spherical particle in a plasma with equal concentrations of 
electrons ions far from the particle may be found from the solution of Poisson's equation under 
the assumption of equilibrium distributions of electron and ion densities in the vicinity of 
charged macroparticle [6]. The carried out estimates show that under the conditions in plasma of 
carbon arc at lowered pressures the carbon crystallites can acquire both positive and negative 
electric charge of high magnitude. The plasma temperature of 7000 K corresponds to the arc 
zone where carbon particles change a sign of the charge from positive to negative. 
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